L akes can be either natural or Man-made, while impoundments that are constructed for water storage (to serve human needs during dry seasons) represent another form of Man-made lake. The chief objectives of impoundments and other Man-made lakes may, however, differ. Thus Man, in his quest for improved living-standards, has not spared lakes from exploitation for his needs. Some of the common exploitations of lakes (whether Man-made or natural) and impoundments include: retention of flood-waters; constant water source for canal systems; source of water supply to nearby towns (Bhargava, 1985a) ; serving water needs in areas where groundwater is neither easily nor sufficiently available; operation of hydroelectric power-plants; fish-cultivation; recreational uses such as bathing, swimming, water skiing, boating, and other water games; pleasures of joyous and luxurious living on water through floating hotels, houseboats, and other similar structures; luxurious and kingly palaces such as the 'Jal Mahal' (lake palace) in Rajasthan; tourism attraction; religious uses such as those at Pushkar (Ajmer, Rajasthan) and Surajkund (Haryana); augmenting flows into rivers to ease their pollutional stress through additional dilution; industrial uses including the supply of cooling water in winters; agricultural uses; quality stabilization of an impounded river; etc.
DETERIORATION OF LAKE CONDITIONS WITH POLLUTION STRESSES
The effects of continously-growing industrialization and urbanization are quickly manifested on the lake environment. A wide variety of pollutants, originating from the various activities of Man (such as agricultural, horticultural, industrial, mining, recreational, commercial, domestic, etc.), find easy entry into a lake. This results in microbial, toxic, solids (suspended and non-toxic dissolved), radioactive, thermal, organic, and other kinds of stresses on the lake environment. The thermal stress reduces the lake's content of dissolved oxygen (DO), increases its metabolic rates (hence greater DO exhaustion rate), and affects aquatic ecosystems by disturbing their species' distribution. The presence of suspended solids reduces light-penetration (affecting photosynthesis), provides surfaces for bacterial growth, adsorbs various chemicals, causes abrasive (mechanical) action on fish-gill membranes, reduces temperature fluctuations, and, when the particles settle to the bottom, affects the natural habitat of aquatic organisms, bursts and buries their eggs, and so becomes detrimental to spawning. Depending on their nature, concentration, time of contact, and organisms' concentration, age, etc., the toxicants affect photosynthesis, reproduction, and the respiration of organisms. Radioactive materials greatly affect the community structure of Algae and Protozoa, and selectively, concentrate in the various organs of water organisms, going directly into their tissues or through absorption on their surface. The microbial stress includes the presence of viruses, while the non-toxic dissolved solids affect the water uses such as those for agriculture.
Amongst the various stresses, the organic pollutants have the greatest detrimental effect on the dissolved oxygen and hence on the fish productivity of affected lakes. The agricultural runoffs and domestic wastewaters provide a significant amount of inorganic nutrients in the lake environments; as a result, eutrophication (a natural process in the ageing of lakes that becomes a problem only when accelerated artificially by the infiltration of large amounts of inorganic nutrients) is accelerated to plague such lakes. By robbing the water of oxygen, the additional nutrients distort the natural balance of the lakes' chemistry and biota, encouraging blooms of Algae and organic matter (IIASA, 1988) . This destabilizes the lake ecocomplex, the water turns foul, fish are killed, and reedbeds destroyed. Algal growth blooms, owing to the presence of inorganic nutrients, carbon dioxide, and solar energy. Due to the depletion of nutrients, dead Algae settle on the lake bottom, where they undergo anaerobic decomposition to release nutrients again to diffuse upwards to reproduce more blooms. It becomes a neverending affair set in the lake environment.
All these various kinds of pollutions can greatly reduce the exploitable potential of any lake, while algal blooms and suspended solids reduce its recreational values. Toxicants -including pesticides, herbicides, weedicides, etc. -make the lake water unsuitable for drinking and fish culture. These aspects have great significance for Dal Lake in Kashmir, which is the largest in the region and a major tourist attraction. Consequently it has attracted the notice of policymakers responsible for water resources management, and of inventors of related remedies and methodologies.
NATURAL PURIFICATION OF LAKES
Due to the non-turbulent and calm physical conditions, the polluted Dal Lake waters undergo many significant quality-changes*. This enables the Lake water quality to undergo a part-purification and some quality equalization. Such physical, chemical, and biological, quality changes in the Lake's waters depend on several factors such as the waters' age in the Lake, configurations of the Lake, water temperature, and the quality of the influent waters feeding the Lake. Some of the more significant such qualitychanges {cf. Bhargava, 1984) include: (i) suspended solids being removed by sedimentation, and the water becoming partially clarified; (ii) the seasonal concentrations of the various pollutants tending to attain average concentration values on a yearly basis; and (iii) thermal and other causes resulting in a stratification of the deeper lakes.
A typical quality-variation at different depths in a lake is shown in Table I (Ridley & Symons, 1972) , in which the data indicate that the water quality at particular depths does not remain fully stabilized. The lake's top surface becomes supersaturated with DO. The DO of such top layers, however, touches very low values in the night hours when the photosynthetic activity is nil and the DO is consumed by the respiration needs of the Algae. As a result, the fish and other animals are subjected to a lot of stress in the night hours. Consequently, the quality of the fish available in such conditions would be expectedly rugged and not of much commercial potential. The eutrophication aspects are also manifested from the data available in Table I . One remedy for preventing such conditions can be the application of destratification techniques such as the recirculation of lake bottom waters to the top, diffusing compressed air in the lake's bottom, agitation of a lake's top waters with inclined jets, and quality control of influent waters feeding the lake. The large and natural Dal Lake at Shrinagar in the Indian State of Jammu & Kashmir has some special reasons to have rapidly attained (within the last few decades) its present deplorably severe stage of pollution, eutrophication, and quality degradation. Having great significance for tourists, it is not surprising that a large perimeter of the most polluted part of Dal Lake adjoins the thickly populated urban areas of Shrinagar City (population 0.3-0.4 million). The Lake thus receives a very heavy input of the organic wastes (Bhargava, 1989) originating from the domestic activities of the City's population. Moreover the runoffs from the agricultural fields adjoining Dal Lake, bring large amounts of fertilizers, nutrients (NitrogenPotassium-Phosphorus) and toxicants (including pesticides, insecticides, etc.) into the Lake.
To promote tourism and to find a ready way to increase its revenues, the State Government of Jammu & Kashmir permitted a fluorishing business of house-boats and floating hotels (luxurious as well as economical types) on the Lake waters. There thus appeared a minitownship on the waters of a portion of Dal Lake. As a result, a very large quantity of fresh domestically-used wastewater finds a direct entry into the Lake. This not only increases the Lake's biochemical oxygen demand (BOD) to a level much beyond its self-purifying capacity, but supplements the ongoing eutrophication in the Lake. Decades back, such an accelerated eutrophication (Fig. 1) had started in Dal Lake, but latterly the constantly increasing tourism, use of fertilizers in agricultural activity, and other factors, have resulted in alarmingly 'hypertrophic' (IIASA, 1988) levels of nutrient pollution in the Lake.
The inert, non-biodegradable part of the decomposed Algae collecting on the Dal Lake bottom for several decades, has now come to occupy a considerable proportion of the Lake's depth with a fibrous mass whose removal or abatement is difficult. Furthermore, Dal Lake has become seriously infested with excessive weedgrowth owing to its nutrient-rich environment, so that its aesthetic appearance has considerably declined, resulting in damage to the recreational uses of the Lake. The tourist significance of the Lake for water games (such as water skiing, swimming, etc.), fishing, and boating, have seriously deteriorated, and its value as a revenue source to the State has also become reduced. Most importantly, Dal Lake is losing its entity even as a lake, and is almost dying, with patches of marshland soon to appear within the area of the Lake. If the existing conditions of the Lake are allowed to continue, a time may soon come when the Lake could be reclaimed for urban construction. Urgent and drastic measures for the sick Dal Lake's water-quality upgradation are indeed seriously called for!
NEED FOR QUALITY RESTORATION
The restoration of the health of Dal Lake as nearly as possible to its pristine level is a requirement inter alia to sustain the revenue source of the State Government. To attain this, the Lake must re-attract tourists for recreation, boating, luxurious living on water, water games, fishing, etc. This should be attainable at minimum cost by using appropriate planning and management techniques. Whereas several options could be available for exercising effective environmental control on Dal Lake, the foremost option is to retard the ongoing eutrophication process in the Lake, including operations to remove the weeds and algal blooms, with dredging and deepening of the Lake through a cleaning of its bed. All these actions would amount to a kind of surgery which, however, is absolutely necessary in the Lake area adjoining Shrinagar City's thickly-populated areas. Another option would be to lose the most polluted and eutrophicated areas of the Lake. This could be achieved by filling in the critical areas and reclaiming the land. A third option would be to improve the Dal Lake water-quality by planning strategies for the environmental control of the Lake water and of the influent waters entering the Lake.
POSSIBLE ENVIRONMENTAL MANAGEMENT TECHNIQUES FOR DAL LAKE
Environmental control strategies for Dal Lake should include the following: 1) A special water-quality survey of Dal Lake should be undertaken to determine the rates at which its nutrient and various pollutant levels are increasing, apart from an inventory of the various sources of pollution in the Lake. This survey should emphasize an evaluation of each pollutant's mode of dispersion in the Lake and the self-purifying abilities (Bhargava, 1983a) of the Lake with regard to that pollutant. The causes of eutrophication, and the identification of responsible nutrients and their sources along with their relative release into the Lake's recreational areas, are important for the control measures for Dal Lake.
2) Shrinagar City should be provided with an organized system for collection of all the wastewaters originating from the various sources of human activities. The entire wastewater thus collected should be treated to appropriate levels of cleanliness before disposal on land of agricultural farms or into some remote non-use areas of the Lake. The industries should similarly make appropriate arrangements for treatment (including modification of process technology and of raw-materials use), recycling, re-use, and disposal, of their wastewaters. Oxidation ponds can be attempted temporarily until such times as the need arises for the construction of complete wastewater treatment plants. Appropriate arrangements should be made for scientific collection and disposal of the solid wastes generated from the City, apart from improving the general sanitation of Shrinagar City. The farmers should be educated to minimize soil erosion and optimize the use of fertilizers, pesticides, etc., apart from diverting and preventing their field runoffs from entering Dal Lake.
3) The house-boat complex in Dal Lake should be provided with a specially designed, organized and integrated, system of collection and treatment of its wastewaters. This should consist of a pipe network close to the lake bottom (so that it would not interfere with the movement of small boats and shikaras). The entire wastewater thus collected should be pumped to the wastewater treatment site. This would help to decelerate eutrophication.
4) The storm-water of the town should be collected through open drains leading to natural drains which, if necessary, should be diverted to areas of Dal Lake that are not used for recreational purposes. 5) Drains carrying outfall wastewater should be diverted to those regions of the Lake where its water is not exploited for significant uses. This strategy could be very gainful if applied at Lake points of tourist interest. 6) A system of covered mini-canals should be constructed around the protection-needing periphery of the Lake, to intercept all the minor and major drains carrying wastewaters from the various non-point pollution sources.
Such intercepted wastewater could be led to the non-use regions of the Lake. This strategy would provide some safety to the Lake waters in high-use regions.
7) Construction of a pre-reservoir for the influent waters or wastewaters entering the Lake, would be helpful in quality stabilization of the influent waters.
8) The Dal Lake waters should be subjected to artificial reaeration at some selected critical high-BOD areas, through a diffuser system (passing compressed air or pure oxygen through diffusers or perforated pipes placed in the Lake's bottom) or surface aerators (placed only in those regions of the Lake where no navigation is expected or permitted).
9) The artificial reaeration should also be practised on all the major open drains carrying the towns' wastewaters. Such in-drain treatment can also be attempted through a very carefully controlled cultivation of Water-hyacinth (Eichhornia crassipes) in selected drain stretches with screens installed to prevent its entry into the Lake. Waterhyacinth is known for its ability to remove organic and toxic pollutants from water (Bhargava, 19856) . 10) Occasional use should be made of algicides on the Lake's water surface to retard and control algal growth.
11) Dal Lake should be subjected to an intensive dredging operation to remove weeds and undesirable bottom deposits, and also to deepen the Lake, in all its seriously-affected regions.
12) The most highly eutrophicated portions or pockets of Dal Lake could be filled to reclaim lands (as tiny islands) for the construction of architecturally beautiful monuments and memorials. This could form a part of the beautification plan for the Lake and should further encourage the tourist industry.
13) Proper 'Lake Standards' for Dal Lake should be evolved and maintained in all the strategic regions of the Lake.
14) 'Effluent Standards' should be evolved through a rational methodology (Bhargava, 1985c) , for applicability to all the wastewater outfalls in the Lake. The rational methodology takes account of the waste-assimilative ability of the Lake, and of the pre-set 'Lake Standards'. 'Effluent Standards' thus evolved would ensure the prevelance of the pre-decided and required 'Lake Standards'. The adoption of the 'Effluent Standards' by the various polluters should be required by law when advocated through the State's Pollution Control Board.
15) Use of mass media should be encouraged to arouse public interest, awareness, and concern for participation, in the context of the significance of waterquality management and depleting water resources, and also for monitoring the environmental control programmes of Dal Lake. The media could also help in the classification and zoning (Bhargava, 1983/?) of Dal Lake for its various beneficial uses.
16) The entire design of Dal Lake's environmental management scheme would be technical, and would essentially require handling by qualified technocrats possessing degrees in Civil Engineering plus a Master's (or preferably Doctor's) degree in Environmental Engineering. This should ensure that the right people do the right jobs, whereas in recent times there has been a mushroom growth of pseudo-environmentalists. Therefore, to ensure success of the pollution control schemes and operations, special care is needed to employ suitably-qualified executives (Bhargava, 1992) . This will avoid wastage of public money as was evident in the case of the Ganga River.
17) Based on the expected uses, Dal Lake should be zoned (Bhargava, 19836) . Display signboards (similar to road signs) should be placed at the various strategic locations in the Lake, to indicate the existing water-quality (preferably related to an index) for the various uses (Bhargava, 19836; 1985a; 19856) . This would greatly benefit the tourists and other users of the Lake.
18) All the above-stated strategies should be attempted simultaneously, to yield quickly the most effective results.
19) The Governments involved should initiate the above measures on a war-footing basis.
